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ABSTRACT

Objectives

To evaluate the association between zolpidemanskihe risk of Alzheimer’s disease

among older. people.

Design
A retrospective cohort study using data from 2001 to 2@t the National Health

Insuranee Research Datahase

Setting

Taiwan

Participants
A total 016,922 patients aged 65 years or older enrolled from January 2002 to

December.2004the enroliment period).

Intervention (exposure)

1) Zolpidem uses were identified as patientgo used zolpidem during the
enrollment period. The index date was the date ofitstezolpidem prescription.

2) Dosagesof zolpidem useasdefined using cumulative defined daily dose (cDDD)
based on the cumative dosage that patients toakhin one year after the index

date-«(greuped as: less than 28, 28-90, 91- 180, and more than 180 cDDD).

Measurements
The@ccurrence of Alzheimer’s diseasas defined as the time period from the end of
one year aftethe index datéo the date of the Alzheimer’s disease diagndhs.

propensity scorevas usedo adjust he measuredonfounders oflzheimer’s disease.

Cox proportional hazards models were used to evaluate the association between

This article is protected by copyright. All rights reserved
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zolpidem use and the incidenalAlzheimer’s disease.

Results

Zolpidem users with a high cumulative dos&&0 cDDD in the first year after
initiation"hada significantly greater risk Alzheimer’s disease thamon-zolpidem
users (HR=2.9795% CI=1.61-5.49) and low cumulative dose (< 28 cDD&¥rs

(HR= 4.18,,95% CI=1.77-9.86).

Conclusion
We foundthe use of high cumulative dosef zolpidemwasassociated withra
increased risk of Alzheimer’s diseaa@ong older people livinign Taiwan It is

advisedstosuse caution when considering long-term use of zolpidem irpalints

Key Words: zolpidem, Alzheimer'sliseasghypnotics National Health Insurance

Research DatabagdHIRD), Taiwan
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INTRODUCTION

Dementiais a global health burderf. Accordingto a recenteport in 2015rom
theWorld Health Organizatigrthere arel7.5 million people living with dementia
worldwidepandver 60% of dementia cases are caused by Alzheimer’s digeR)xe
With alglobal aging population, the total number of people Adfor dementias
expecteditaigrificantly increaseoverthe next 10 year® In 2010, the total global
costs of dementia wasS$ 604 billion, and the amount will increase by 85% between
2010 t0'2030.

Zolpidem,anon-benzodiazepingypnotic, is ofterused for shorterm treatment
of insomnia®™ It remainsone of the most commonly prescribed hypnatigs to the
advantagesf quick onset antess residual effect§:*? The pharmacologic
mechanism®f zolpidem including anxiolytic, muscle relaxant, sedative, and
anticonvulsant effects were found to be working thrau@h?2, 3 and 5 subunits of
gammaamine butyric acid type A (GABAA) receptors.Unlike benzodiazepines
zolpidem*has higlaffinity binding tothe a1 subunit, which providesiore specific
sedative properties théirenzodiazepine$.

Previous sudies repoddthat both benzodiazepine and@demuse are
associated withmemory loss and a declifrethe cognitive function:**> A link
betweeh benzodiazepinse andlementia isvell documented®*® Benzodiazepines
inhibit peurotransmitter in the brathrough acting omeceptors of y aminobutyric
acid Aandhare been hypothesized to increase the developméiid of Although
zolpidem hagewerbenzodiazepinelke adverseeffects,taking zolpidenmaystill be
associated witlan increased risk of cognitive and psychomotor decline, eventually
resuling in a longterm memory los$

A limited number obtudies havinvestigated thassociatiorbetweerzolpidem

use and dementia. A recent casatrol study reportethat zolpidenuse was
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associated with an increased risk of deméfittudies have reportekle association
between theumuktive doseresponse dbenzodiazepinasse and the risk of dementia
or AD.* Whether ztpidemuse has theame doseesponse effectss benzodiazene
requiresfurther investigationit alsoremains unclear whether zolpidem use is
associated with an increased riskdetelopingAD. Therefore the purpose of this
studywas to evaluate the association betwedpidem use and thesk of AD among
older patientsn Taiwan We hypothesized thablpidemuserswould have a higher
risk of being diagnadwith AD than nonzopidem usersi-urthermorewe
hypothesized that higher cumulative doses of zolpidem use would have a greater
association with being diagnosed witb compared to lower cumulative dose or not

having/deen‘exposed to zolpidem at all.
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METHOD S

Data source

Thiswasa retrospective cohort study based on data fharNational Health
InsuraneesResearch Database (NHIRD). A shpgiger National Health Insurance
(NHI) programwas implemented in Taiwan 095, and currently up to 99.9% of the
23millién Taiwanese residents weeerolled in this prograrff->* The NHIRD, which
is an administrative claimdatdbasecontaining registration files, patient identification
files, and medical claims files (including inpatieletords ambulatory care records,
and prescription files is generated by thational Health Insurance Administration
and regularly maintained by the Taiwan National Health Research Instftit&ge
used the 2010 Longitudinal Health Insurance Database (LHID 2010) which contains
data of enesmillion Taiwanese beneficiaries in 2010 randomly selected from the
NHIRD.#*Qverall, 11 years of data were included, from January 1, 2001 to

December@3i, 2011.

Study population andstudy design

We defined the enrollment period from January 1, 20@2etember 312004 to
selectpaientswho were aged 65 years or old&ke used the new user design to conduct
this study. To be considered as nesers, patients had have haat least one
prescription of zolpidem during the enroliment period andrtiti@l prescription (the
first preseription) neextl to have been written for a quantity equal to at leastay 7-
supply.The date of the first zolpidem prescription was defined as the index date.
Zolpidem users were further required to be free of zolpidem or other non-BZD drugs
(including zolpiclone, zaleplon and eszopiclone) within one year before the index date
(i.e., pre-index period)Patientsvho were not qualified agsers of zolpidem were

consideredisnon-zolpidemusers
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We furtherexcludedpatients ifthey had ever been diageaswithAD (the
International Classification of Diseasé’ Revision, Clinical ModificatioflCD-9-CM]
code, 331.0) or any other type of dementia (290.0, 290.1, 290.2, 290.3, 290.4, 294.1,
331.1,331.2) at the index date or during theipdex periodPatients with any recosd
of cognitive impairmen331.8, 331.83, and 331.%untington's diseas&83.4) and
CreutzfeldtJakob diseas@46.11, 046.19at the preindex period were excluded.
Moreover, patients with anyedication treatment for demen{@onepezil,
rivastigmine, galantamine and memantior)the index dater in the preindex period
were exeluded.

The fdlow-up period started omeyear aftettheindex date to account for the
induction“period and continued for 6 yeda®nsidering thadlzheimer’s diseases a
progressive degenerative diseasethnatthe effect of zolpidermay require a period of
time to ‘manifesta oneyear induction period after the index date was set to prevent a

reversescausality biaigure 1 showed the detailstbie enrollment process.

Exposure
The primary exposure was the use of zolpideefined as at leasine zolpidem

prescription written for a minimum supply to cover seven days of consecutive

zolpidem_ prescription filled since the index date. Using the rule of having a nmmimu

of seven'day'supply of drug was to prevent mis-assigning patients who usddrnolp

only occasionally or a few days to be classified as zolpidem Wezgall, patients

werecategorized intdwo groups as follows

() Zolpidem userspatients with at least one prescription written for a quantity of a
minimum of seven day supply. Thretial prescription that met this criteria was
considered the index prescription and the date it was dispensed was considered the

index date.
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(i) Non-zolpidem usergpatients without any zolpidem prescription records or who
received zolpidem prescriptions written for a quantity smaller than a seven day
supply during the induction period.

Eachzolpidemuser was matched up to one agser on age argex The matched
nonusers were assigned the same index date as the new user of zdljpideisers

were also reqeed to be free of zolpidem or otheon-BZD drugsduring the preéndex

periodteraveid bias from the prevalent users.

We also studied the cumulative exposure of zolpidem use, which was measured in
the unitiof defined daily dose (DDD) that has been recommended by3NF@.DDD

was defined as the average maintenance dose of a medication per day for the major

indication"iffone aduft The DDD of zolpidem was 10 mg. To obtain the cumulative

DDD (cDDD).for each patient, we sumed all the zolpidem doses prescribed during a

defined \periad (i.e., one year after index date) and then convert the quantity to the

numberof DDD?® According tothecDDD of zolpidem during the exposure periotl, a

thezolpidemusers were categorizauto four groups: less than 28,-28, 91-180, and

more than 180 cDDD.

Study eutcomes

The outcome was the occurrencéAdf which was defined as the time to first
diagnosis'oAD (331.0). The diagnosis was restricted to be made by a neurologist or a
psychiatrist to ensure the validity of the diagndsigias measured from tlead of the
inductiensperiod tdhe date of th&D diagnosis or to the date of censoriRgtients
with@prior diagnosis oAD were excludedPatients were censored at the earliest date
of insurance withdrawal, death, or the end of the six-year follow-up p@éiiothe
diagnoses oAD were measureih thesix years after the induction period in two

groups.
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112 Covariates

113 In addition to age anskex covariategncluded conditiorrelated variables and

114 medicationrelatedvariables. Conditiomelated variables includdd/pertension

115 (401.0;4071, 401.9, 402.0, 402.1, 402.9, 403.0, 403.1, 403.9, 404.0, 404.1, apd 404.9
116 stroke (431, 432.0, 432.1, 43293, 434, 436, and 437), myocardial infarction (410
117 and412),"hypercholesterolen{iz/2.0), diabetes mellitU250), depression (296.2,

118 296.3, 300.4, and13), anxiety (300), psychotic-related disorder (295, 297, and 298),
119 alcohol+elated disorder (291, 303, 357.5, 425.5, 535.3, 571.0, 571.1, &8Ad.271.3),
120 sleep disordef307.4 and 780)5 Parkinsors disease332.0) andhead injury (806804,
121  850-854 and\959.0£}2"?° The above conditions were included because previous
122 studies.have.reported that these conditions were poteskidhctors forthe

123  development oAD.?**"* Medicationrelated variables included drug classes of

124  antihypertensive drugs, arttiabetic medication, anticoagulants, amgperlipidemia

125 drugs,.antidepressants, benzodiazepines (BZDs)Pariinson medication and

126 antipsychoticsAll covariates were identified during the grelex period. In addition,
127 we further included menthlealthrelatedphysician visits as one additional covariate
128 because mental illnesses were consideydthvea highassociation withthe

129  development oAD.3***We calculated the totalumber ofutpatient and emergey

130 visits faor neurology and psychiatry clinissthe preindex period The variable was

131 categorizednto 4 groups by the number of the visits (less than8),6t115, and

132 more than 15 visits).

133

134 Statistical Analysis

135 Propensity score matching was usebtdtance the measuraldenfounders

136  betweerzolpidemusersand non-zolpidemsers*>*® For each patient, we estimated
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the probability of receiving zolpidem (i.e., the propensity score, PS), using a logistic
regression model including all variables presented in the previous section.n\Ve the
used a greedy -1 digit matching algorithm without replacement to matathea
zolpidem user with one nonuser of zolpidem on the propensity ¥cbine. matching
process, started with the firssignificant figures of the propensity score, moved to
the first 4significant figures, and so forth. Zolpidem users who had no match to at
least 1decimal place werexcluded. Matching helped to minimize the likelihood that
any differencesn patient outcome observed were due to the zolpidem use other than
confounders. Thedseline characteristics tife study populatiobefore and after
propensity score matching wetescribed with dscriptive statisticSThe Sudents
t-testandchi-square test ereused to compare patient characteristics. Time to event
analysis was_performagsing theCox proportional hazards model éstimatethe

relative:hazardsf AD comparing zolpidem users to nonusers.

Sensitivity analysis
We furtherconducted two sensitivity analysekhe firstsensitivity analysis was
to vary the length of the exposure period from one year to two years to take into
account the effect ahe longer zolpidem exposure. Both groups were followed five
years after.the twgearexposure periodlhe cumulative dose of ttmlpidemuse
was‘calculateduring thetwo-yearexposure period. In addition, the second
sensitivity.analysis was iaclude the ADdiagnosis given by any practitioners instead
of the diagnosis only given by a psychiatrist or neurologist in the main analysis.
SAS® proprietary Software, Release 9.3 (SAS institute, IBary, NC* was used
for all the analysis in this study. A twgidedP value P<0.05) was used to determine
statistical significance. This study was reviewed and approved by the Taipei Medical

University Joint Institutional Review Board (TMIRIB) inMay 2015.
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162 RESULTS

163 Tablel shows the baselingharacteristics of the study populatioefore and after
164 propensity score matching.total of 11,318patients were identifiedeforematching.
165 The meansage of the study populatess 72.1years oldand &.1% patientsvere

166 female.Morezolpidem usertad the diagnoses bypertension, stroke, myocardial
167 infaretionyhypercholesterolemia, diabetes mellitus, depression, anxiety,

168 psychoticrelated disorder, alcohotlated disorder, sleep disergParkinson’slisease,
169 and head.injury. Moreover, a significantly higher proportion of zolpidem users used
170 other medications when compared with rrmpidem userdAfter propensity score
171 matching, here were 361 zolpidem users and 3,461 non-useilt e covariates

172 except the use of arfarkinson medication (P < G)Owere balanced between the two
173 groups:

174 Table 2 shows the incident ratmsd follow-up time among the study population.
175 During thesixtyear followup period, 7%atientsdevelopediD, which included 43

176 (1.2%)patients among the zolpidem usand32 (0.9%) among the non-zolpidem
177 uses. Among zolpidem users, 71% (2,457) of tleers tookolpidem under 90

178 cDDD during the first year following the index d485.2%, <28 cDDD an85.8%,

179 28-90cDDD). About 16% (553pf the usersvere in the >180 cDDD group. The

180 six-year incidenc®ef developing ADamong zolpidem usersas0.7%for the <28

181 cDDD groups.2%for the 2890 cDDD group 1.1%for the91-180 cDDD groupand
182 2.7% forthe >180 cDDD grouplhe mean followup time was 5.9yeass for

183 zolpidem users and 5.9@ars for nonzolpidem users.

184 Table3 shows the resultsf the Cox proportional hazards regression modbe risk
185 of developingAD for zolpidem users compared with nogerswas not significantly
186 higher [hazard ratioHR) =1.35, 95% CI= 0.85-2.13]. Howevenlpidem users with

187 more than 18@DDD in a yeathad anincreased risk of developi# thanthe users
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200

201

with less than 281gcDDD (HR=4.18, 95% CI| =1.77-9.8&nd norzolpidem uses
(HR=2.97, 95% CIl =1.61-5.49)

Reslts from the sensitivity analysgSupplementary Table S1, Supplementary
Table S2 showedhe similarity of the results in the main analysis. In the first
sensitivity analysishat evaluatethe effect othelonger zolpidem exposun the
risk of AD, zolpidem users with more than 180 mg cDDD were found to have a
higher hazard of developiD when compared with users with less tham&
cDDD (HR=3.27, 95% CI =1.57-6.80) and non-zolpidem users (HR=3.25, 95% ClI
=1.70-6:20)<In the second sensitivity analysis when including AD diagnosis given by
all practitionergnstead of the diagnosis only givendysychiatrist or neurologjst
zolpidem users with a high cumulative dosage were significantly associated with a
higher risk of developing AD compared to non-users (HR =1.93, 95% CIl= 1.05-3.54).
However, we did not find a difference in the risk of developing AD between zolpidem

users-and non-users (HR =1.27, 95% CI= 0.84-1.93).
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DISCUSSION

To our knowledgethis is the first observational study using a retrospective
cohort study design to evaluate the association between the use of zolpidem and th
risk ofAD-among oldepatients Patients with a high cumulative dose of zolpidem had
a significantly higher risk of developifgD when compared with patients with a low
cumulativerdose of zolpidem within one year.

Previous studies hafeund that thaise of hypnotics was associated with an
increased.risk of dementia aA®.***%?* Nonetheless, in those studies, the exposure
of hypnotics was defined as a mixed use of benzegiae hypnotics and
non-benzodiazepine hypnotit’s,*%?*3* or benzodiazepine hypnotics oAfyin
contrast to the previous studiesy findings provide a new perspective in tvat
found zolpidem (a non-benzodiazepine hypnotic), taken by patients in higher doses
(high cumulative dogewas associated with an increased asRD. Contrary to
previous studied>> this studyfurtherassessed theffects of cumulative exposuocé
zolpidemon the risk of ADThis isan advantage because our study providiedtal
evidenceof an association betweéme cumulative dose effect of zolpidem asel the
diagnosis'of'/AD. Our study showed no increased risk of developing AD in zolpidem
userswhen compared to namsers However, we found that high cumulative dose
(>180 ¢DDD) within the first year after initiation was associated with a higher risk of
developing AD, compared with low cumulative dose (<28 cDDD) or non-use of
zolpidem. Our findings indicate that zolpidem vinas$ associated with the risk of AD in
older population but there is possibility of an increased risk of AD with high
accumulative dose of zolpidem. Future studies are warranted to examing tfeA\ids
after longterm use or high dose of zolpidem.

Moreower,compared to previous studies using claims %> our study had a

relatively long followup periodwhich enhances the ability to observe the occurrence
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of AD. With a longfollow-up period and mainly focusing on the effect of
non-benzodiazepine hypnotic use, our study provadesmprehensive investigation
with results that infornmealth care providersf the needo be awarehat higher
cumulative doses of zolpideane associated with ancreased risk of dementia
among eolder people within one year.

Our study is a retrospective cohort study with new user d&sigwhich
mitigated biases and increased the study validity to better evaluate the association
between the use of zolpidem and the increased risk of dementia when compared to
previoussstudies conducted mainly using a nested case-control study8&<iff.
In addition, our study further confirmed that zolpidem users with higher cumulative
doses had“an increased risk @ #an lower dose users as well as zofpidem
users. We ensured the temporal sequence between the exposure (zolpidem use) and
the outcome (development of AD) was properly placed. For example, theeane-
induction.period we used was to minimize the biaswvérse causatioll Cases of
AD which.occurred during the induction perio@mgnot included as the outcome of
this study.

Furthermore, w usedropensity score to match the baseline characteristics
between,zolpidem users and non-zagm users. Weolind the overall health statas
the nonzolpidem users was better than the users. The unbalance between exposure
groups thatsicommonly observed in pharmacoepidemiological studies could cause
confounding by indication bias and threaten the validity of the $tddyhe
propensitysscore matching approach minimittezldifference of characteristics and
resultedin‘a,more robust estimation.

Althoughthe mechanism of the effect of zolpidem use on dementia remains
unknown, a plausible pathway is througffecting calciunsignaling of Cornu

Ammonis 1(CA1) hippocampal neuron&n animal study showed zolpidemay
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reduce the neuronal activity the hippocampus crucial part othe brain for normal
cognitive function anbrmation of newmemories' Theeffects ofcumulative doses of
zolpidem might cause continuing depressive effecthemippocampus, and
eventually reduce the cognitive function aralisememory loss. &rthermoresimilar

to benzediazepines, zolpidem hasimilar mechanism of action as benzodiazepines
acting onthebinding site 0fGABA A receptors?With a similar pharmacologic
implicationhigh cumulative doses of zolpidem couitpair cognitive ability and

lead to an'increased risk for development of AD.

A high prevalence otolpidem use was found in our study. About 15% of the
older peoplejin Taiwan were prescribed zolpidem during the study period. In addition,
treatment'with higher doses over long periods of time (high cumulative dose) was
observed once treatment was started. For example, moreS¥aof the new users
had cumulative doses beyond 180 cDDD of zolpidem in one year. We also found a
high prevalence of benzodiazepine use in both zolpidem user armbipisiem user
groupsin. Taiwan, the use obenzodiazepine isrevalent among older patierft#
high prevalent benzodiazepine use could further lower the cognitive function among
older patients with AD because previous studies have reported a positive association
between.the'benzodiazepine use and the occurrence BfAD.

Inadequate managemaeaitsleep disorders among older patients in clinical
practicéis-ofténunrecognized? Unprecedented rates adverse drug events could
still occur among older zolpidem users due to the high prevalence and high
cumulativesdose of zolpidem use found in our stitdyould alsoresult in an overuse
of zolpidem,among these individuals. Due to the risk of zolpidem use among older
patientsthe most updated 208nerican Geriatrics Society (AGS) Beers Criteria for
Potentially Inappropriate Medication Use in Older Adults has suggested that olde

patients should avoiany use of zolpidemvhentreating insomni&’ Therefore, a
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careful assessment of zolpidem aseong ol@r patientss necessary before zolpidem
is initiated>®

Our study has several limitatiorfarst, noclinical datasuch as knical
presentationmedicalhistories, neurological examinations, images, and biomarkers
were available in our studyThese data are often used to diagnose AD. Identifying
patientsonly usinglICD-9 CM codes may not be valid enoughisMassification and
undereadingof AD remaired possible**** Second, the database does not contain
information on socioeconomic stathgalthlifestyle, and physical activitiesvhichare
alsoriskifactors forAD.** The possible confounding effeaitheseunmeasurable risk
factors were unable to be eliminataedur study. Third, due to the length of available
data, we"only included patientsth at least six years of followp time, which could
possibly underestimate the risk of dementia. Fourth, although the propensity score
matching maostly eliminated the unbalanced measured confounders between the
zolpidemuser and nowiser groups, the residual confounding by unmeasured variables
suchras the presence of unmeasured comorbidities, disease severity, dhe over
counter medication usmuld exist. Unbalanced comparison groups may still affect the
risk estimation and lower the study validigfth, we setaoneyear induction period in
the mainanalysis and tweear induction period in the sensitivity analysis to prevent
the bias from reverse causation. However, due to the nature of the disease condition like
dementia=which could have a gradual onsdteomderdiagnosetbr several years, the
short induction period may still not completely eliminate the bias. Sixth, sihce al
physicianssean make an AD diagnosis in Taiwan, only patients with an AD diagnosis
made by‘apsychiatrist or neurologist were countealssto increase the outcome
specificity. (Supplementary Table S9 described the numbpsyéthiatrist/neurologist
visits during the follow-up period between zolpidem user and nonuser groups.)

However, this restriction could become a potentially impogantce of detection bias
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as zolpidem users could be more likely to see these specialists and thus have a higher
chance to receive an early diagnosis of AD. The restriction could also led to a
population of patients with more severe AD, while undercountioge with milder
onset of symptomg:inally, patternsof zolpidem use identified from administrative
claims datainay overestimate the real consumption of zolpidem because a
prescription refilled may not mean a prescriptieastaken.However,previous
studies.have shown the use of claims data was a relatively valid measurement of
prescription use patterii®®

In‘canclusion, health care providers need to be mindful when prescribing
zolpidem to older patienté.routine evaluatiomf older zolpidenusers is necessary,
especiallyfor those witbhronic insomnia. In order to lower the dependence with the
medication, non-pharmacologic intervention such as the cognitive behavior therapy

canbe ‘considered for older patients who use zolpidem.
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TABLES

Table 1. Baselinecharacteristics of the study population before and after prapesgsire matching

Before propensity score matching N=11,318 After propensity score matching N=6,922
Characteristic Study population Zolpidem use  Non-zolpidem P Study population Zolpidem use  Non-zolpidem P value
(N=11,318) (N=5,659) use(N=5,659) value (N=6,922) (N=3,461) use (N=3,461)
N % N % N % N % N % N %
Age (mean, SD) 721 533 721 533 721 533 1.00 72.1 5.33 720 541 722 524 0.34
Sex
Female 7,028 | 621 3514 621 3514 621 4,351 62.9 2,116 611 2235  64.6
Male 4290771379 2,145 379 2145 379 1.00 2,571 37.1 1,345 389 1,226 354 1.00
Covariates
Hypertension 6,036, 53.3 3,557 629 2,479 438 <0.01 3,970 57.4 2,006 58.0 1,964 567 0.30
Stroke 1,466 130 995 176 471 83 <0.01 851 12.3 424 123 427 123 091
Myocardial infarction 146 1.3 109 1.9 37 0.7 <0.01 73 1.1 36 1.0 37 11 0.91
Hypercholesterolemia 2,252 19.9 1,390 246 862 152 <0.01 1,424 20.6 712 206 712 206 1.00
Diabetes mellitus 2,246 198 1,366 241 880 156 <0.01 1,450 20.9 736 213 714 206 052
Depression 486 4.3 403 71 83 15 <0.01 164 2.4 82 2.4 82 2.4 1.00
Anxiety 1,769 | 156 1,288 228 481 85 <0.01 945 13.7 477 138 468 135 0.75
Psychotierelated disorder 83 0.7 65 1.1 18 0.3 <0.01 35 0.5 17 0.5 18 0.5 0.87
Alcohol-related disoeder 32 0.3 24 0.4 8 0.1 <0.01 18 0.3 12 0.3 6 0.2 0.16
Sleep disorder 2,297 203 1,786 316 511 9.0 <0.01 1,051 15.2 540 156 511 148 0.33
Parkinson disease 156 1.4 13 2.0 43 0.8 <0.01 76 1.1 38 1.1 38 11 1.00
Head Injury 264 2.3 169 3.0 95 1.7 <0.01 163 2.4 80 2.3 83 2.4 0.81
AntiHTN 7,106 628 41155 734 2951 521 <0.01 4709 68.0 2,340 67.6 2,369 684 045
AntiDM 1,786 158 1,081 191 705 125 <0.01 1176 17.0 600 17.3 576 16.6 0.44
Anticoagulant 2819 249 1,786 31.6 1,033 183 <0.01 1740 25.1 861 249 879 254  0.62
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Antilipidemia 1,624 143 992 175 632 112 <001 1055 15.2 522 151 533 154 0.71
Antidepressant 1,114 938 852 151 262 4.6 <0.01 501 7.2 251 7.3 250 7.2 0.96
BzD 6,221 550 4,121 728 2,100 37.1 <0.01 4016 58.0 2,007 58.0 2,000 580 0.96
AntiPD 412 3.6 274 48 138 24 <0.01 194 2.8 82 2.4 112 3.2 0.03*
Antipsychotics 1,402 124 930 164 472 83 <0.01 772 11.2 380 110 392 11.3  0.65
Outpatient visits due to mental disorder
< 6 times 1,478 131 1,004 17.7 474 84 <0.01 857 12.4 423 122 434 125  0.69
6-10 times 396 35 269 48 127 22 <0.01 220 3.2 107 3.1 113 3.3 0.68
11-15 times 260 2.3 188 33 72 1.3 <0.01 126 1.8 61 1.8 65 1.9 0.72
> 15 times 96 0.8 70 1.2 26 0.5 <0.01 47 0.7 21 0.6 26 0.8 0.46
*P<0.05

Note: Baseline characteristics (age ‘and sex) by cDDD exposure categories were ligt8dipplementary Table S3
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Table 2.Incidence of Alzheimer's disease (AD) between zolpidem users and nc

from 2006 to 2011 by cumulative defined daily doses (cODDpne year since the

initiation
Study group Number of AD Follow-up (years)
Exposures n % n % Total Mean
Non-zolpidéem use 3,46100.C 32 0.9 20,70z 5.98
Zolpidem use 3,46100.C 43 1.2 20,66C 5.97
By zolpidem cumulative
dosage in one year since
the initiation
Non-user 3,461100.0 32 0.9 20,703 5.98
<28 '¢bDD 1,217 35.2 8 0.7 7,282 5.98
2890 cDDD 1,24C 35.8 15 1.2 7,4145.98
91-180.cDDD 451 13.0 5 11 2,69C 5.97
>180 cDDD 553 16.0 15 2.7 3,274 5.92

# DDD was defined as the average maintenance dose of zolpidem use per day for the major indicationlin one adu

The DDD of zelpidem was 10 mg. The cDDD was to add on the amount of zolpidem use permpersgear.

Note: Results from incidence of all types of dementia were listed in the Supplementary Table S4
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Table 3 The association betweenlpidem use ande risk of Alzheimer's

diseas€AD): results of Cox proportional hazard regression models

Study group Hazard ratio (95% ClI)
Non-zolpidem use (n=3,461) Reference Reference
Zolpidem ue (n=3,461) 1.35 (0.85-2.13)

By zolpidemcumulative dosage in one year since initiation

Non-user Reference Reference
<28 cbDD 0.71 (0.32-1.54)
28-90 cDDD 1.31 (0.71-2.42)
91-180 cDDD 1.20 (0.47-3.09)
>180 cbDD 2.97 (1.61-5.49)

Zolpidem users

<'28,cDDDs Reference Reference
28-90:.eDDDs 1.84 (0.78-4.34)
91-180 cDDDs 1.69 (0.55-5.17)
>180,cDDDs 4.18 (1.77-9.86)

Note 1: Resultsfrom the risk of all types of dementia were listed in the Supplementary Table S5

Note 2: Results from a trend analysis of the association between the increased exposure of usdpéaheinisk of

Alzheimer's disease were listed in the Supplementary Table S6

Note 3: Results from the association between zolpidem usesaraf AD by s (Supplementary Table S7) and age

(Supplementary Table S8) showed the same results with the main analysis
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